Background: In the field of anterior cruciate ligament (ACL) reconstruction, there is still no consensus regarding the proper fixation method and position of the tunnels. The primary objective of this paper was to describe a new fixation device, the Endo Tunnel Device (ETD®), for both techniques (transtibial and transportal), as well as the associated difficulties and the intraoperative and postoperative intercurrences. The secondary objective was to describe a preliminary clinical evaluation (6 months of follow-up) comparing these techniques. Methods: This was a prospective, randomized study involving 80 patients with ACL reconstructions using the ETD® for femoral fixation. Forty patients underwent the transtibial technique, and 40 patients underwent the transportal technique. Patients were evaluated by radiography, physical examination, the KT1000 arthrometer, and Lysholm and the International Knee Documentation Committee (IKDC) scores.
Introduction
Anterior cruciate ligament (ACL) reconstruction is one of the most commonly performed surgeries in orthopedics [1] . Many femoral fixation methods can be used for hamstring tendon grafts. Several studies have compared fixation methods, and although the methods show mechanical differences in laboratory studies [2] [3] [4] , they are clinically similar when correctly used [5] [6] [7] .
The femoral tunnel can be drilled using a guide through the tibial tunnel, by using the outside-in technique, or via the medial portal. In the last two decades, the most commonly used method worldwide has been the transtibial technique [8] . However, anatomical studies have shown that with this technique, the tunnel is not positioned in the center of the origin of the ACL [9, 10] and other biomechanical [10] [11] [12] and clinical studies [13, 14] have shown advantages with regard to the stability gained with the more anatomical position of the femoral tunnel.
The Endo Tunnel Device (ETD®; ProInd, Cotia, São Paulo, Brazil) is a metallic implant used for femoral fixation of the semitendinosus and gracilis autografts for ACL reconstruction. This implant was developed in 2006 and has been used in Brazil since 2007. The device can be used with both the transtibial technique and the anatomical technique. No studies on this device have been published.
The primary objective of this study was to assess the technical aspects, difficulties, and intraoperative and postoperative intercurrences of the use of the ETD® with the transtibial and transportal techniques. The secondary objective was to perform a preliminary clinical evaluation (6 months of follow-up) of these techniques (transtibial X transportal). The final clinical evaluation, after a 2-year follow-up, is the objective of another study that is ongoing.
Methods
Between August 2010 and May 2012, 145 patients underwent ACL reconstruction in the Knee Clinic at the Orthopedics Department of Santa Casa Medical School and Hospitals in São Paulo, Brazil. Among these patients, 80 fulfilled the inclusion criteria of this study, namely, unilateral ACL lesion, skeletally mature with closed physis, age less than 40 years, no previous surgery on the affected knee (except for arthroscopic meniscectomy), no degenerative changes on arthroscopy, less than 1 year since injury, no associated ligament injuries (except for medial collateral ligament tears of grades I and II), and no morbid obesity.
All patients were operated on by the same surgeon or under his supervision. They were recruited prospectively according to a protocol that was previously approved by the hospital's ethics committee (Comitê de Ética em Pesquisa da Irmandade da Santa Casa de Misericórdia de São Paulo). Once included in the study, the patients were randomized to one of two groups: the "transtibial group," consisting of patients undergoing femoral tunnel drilling with the transtibial technique, and the "transportal group," consisting of patients undergoing the transportal technique. The randomization was performed by selecting a folded piece of paper that was placed in opaque envelopes with the group number (1-transtibial, 2-transportal). There were 40 pieces of paper with the number 1 and 40 pieces of paper with the number 2; after removal, each piece of paper was not replaced. This randomization was designed for another study with a different primary objective, namely, a clinical evaluation comparing these two groups with 2 years of follow-up. The other study is currently ongoing. None of the assessors were blinded.
The patients were preoperatively evaluated by a KT1000 arthrometer (MEDmetric, San Diego, California) at 20°of flexion in response to a 133-N load, Lachman test, anterior drawer test, pivot-shift test, objective International Knee Documentation Committee (IKDC) score [15] , subjective IKDC score, and Lysholm test [16] . The final clinical evaluation after 2 years has not yet been completed.
For both groups, the gracilis and semitendinosus tendons were used as grafts. No case was treated with selective reconstruction of only one of the ACL bundles. The tibial tunnel was created with the knee in extension using a Howell™ 65°Tibial Guide (Biomet Sports Medicine Inc., Warsaw, Indiana). A metal interference screw was placed on the tibial fixation.
For the femoral tunnel in the transtibial group, we used a transtibial aimer placed in the posterior intercondylar margin. In the transportal group, after removal of the ACL remains and identification of the origin and insertion of the ligament, the chondral picker or "icepicker" was inserted, and the center of the native ACL was marked. A guide wire was inserted and positioned on the previously marked point, the knee was flexed by 120°to 130°, and finally, the guide wire was advanced until it passed through the lateral cortex of the femur. The femoral tunnel was then drilled. After measuring the length of the femoral tunnel, the appropriate size of the ETD® was selected. Femoral fixation with the ETD® was performed in both groups of patients.
The ETD® ( Figure 1 ) is a femoral fixation system for reconstruction of the ACL with hamstrings. It is a titanium alloy implant (Ti6AI4V), and according to the ASTMF136 specifications, it is capable of supporting an average load of 97.7 kgf. It should be fixed to the lateral femoral cortex using a moving metal lever within the cylindrical structure of the implant. Once the implant is outside the lateral cortex, the wire is pulled into the two holes in the ends of the lever, positioning the lever perpendicular to the cylindrical structure. By pulling the graft distally, this lever fixes the device in the lateral femoral cortex. The graft is fixed on the distal end of the cylindrical part, which is composed of a metal strap fixed to the cylindrical body.
The implant is available in various diameters and lengths; specifically, the diameter varies from 7 to 9 mm, and the length can be 20, 25, 30, or 35 mm. The diameter of the graft determines the diameter to be used and, therefore, the tibial and femoral tunnel diameters. The femoral tunnel should be drilled such that it passes through the lateral cortex. After drilling, the length of the femoral tunnel is measured, which allows selection of the length of the ETD®. The graft is marked so the surgeon knows when to activate the fixation plate ( Figure 2) .
A rigid metal wire attached to the cylindrical body is inserted through the medial portal or tibial tunnel, followed by the femoral tunnel, by drilling through the soft tissue and skin of the lateral thigh. After pulling the graft into the femoral tunnel, the wire drive is removed from the device, and one of the sutures attached to the proximal lever is pulled, locking it in the lateral femoral cortex, as described previously. Then, the graft is fixed in the tibial tunnel with an interference screw (Figures 3  and 4) .
All patients received the same physical therapy protocol.
Statistical analysis was performed with the SPSS version 13.0 software for Windows (SPSS Inc., Chicago, IL, USA), and p < 0.05 was chosen to indicate statistical significance. 
Results
Of the 80 patients, 59 were male and 21 were female, with surgery performed on 43 right knees and 37 left knees. The mean age of the patients was 24 years. The average time before the surgery was performed was 6.5 months; 7 patients were lost to follow-up (5 from the transtibial group and 2 from the transportal group), so 73 patients were evaluated with a follow-up of 6 months. For the intraoperative and immediate postoperative evaluations, the entire sample of 80 patients was available.
The age, gender, lesion side, preoperative subjective IKDC score, Lysholm test score, preoperative objective IKDC score, and time post-injury at which the surgery was performed were not significantly different between the groups.
The following perioperative intercurrences were considered: soft tissue fixation of the ETD®, intratunnel fixation of the ETD®, chondral lesion of the femoral condyle, rupture of the posterior cortex of the femoral tunnel, short tunnel (less than 3.5 cm), and short graft length inside the tunnel (less than 2 cm). Postoperative complications (up to 6 months) included mobility deficits, arthrofibrosis, and superficial and deep infections.
The perioperative intercurrences were evaluated in the entire sample of 80 patients. In 6 cases, the ETD® was fixed in the soft tissues, which was verified by the immediate postoperative radiograph. Among these 6 patients, 5 were from the transportal group and 1 was from the transtibial group, with no significant difference between the groups (p = 0.201, Fisher's exact test). One of these patients experienced migration of the ETD®, which became fixed to the lateral cortex 2 months after surgery. In the remaining cases of fixation in the soft tissues, there was no migration. No patients who underwent ETD® fixation in the soft tissues had a positive Lachman instability test, pivot-shift, or anterior drawer findings at 6 months post-surgery.
The average length of the femoral tunnels was 4.98 cm in the transtibial group and 3.99 cm in the transportal group (p = 0.001, Student's t test). The average graft length inside the tunnel was 2.91 cm in the transtibial group and 2.27 cm in the transportal group (p < 0.001, Student's t test). Fixation of the ETD® inside the tunnel occurred in only one case, without migration after surgery. There was no case involving rupture of the posterior cortex of the femoral tunnel or chondral lesion in the femoral condyle.
There was one case of superficial infection in the transportal group, and the patient was treated with antibiotics only. There was no case of deep infection. Only one patient exhibited mobility deficits and arthrofibrosis, and this case was from the transportal group. Arthroscopic debridement and intensive physical therapy were sufficient for facilitating recovery of normal mobility.
Considering perioperative intercurrences, the transportal group had significantly more problems than the transtibial group (12 versus 2; p = 0.003, chi-square test). With regard to postoperative intercurrences, there was no significant difference between the groups (p = 0.616, Fisher's exact test). There was no significant association between perioperative intercurrences and IKDC scores 6 months postsurgery (p = 0.353, chi-square test).
For the preliminary clinical evaluation at 6 months postoperatively, seven patients were excluded (lost to follow-up), and the remaining 73 were included in the analysis. The results of the Lachman test, pivot-shift test, anterior drawer exam, and KT1000 test at 6 months are shown in Table 1 . Although there were some differences, they were not statistically significant between the transtibial and transportal groups (p values provided in Table 1 , chi-square test). Table 2 shows the results of the objective IKDC scores. For better visualization, the results were divided into two groups: IKDC a and IKDC b, c, or d (Table 3) . The objective IKDC test results were significantly different between the groups, with patients undergoing the transportal technique exhibiting better results (p = 0.049, chi-square test). Subjective Lysholm and IKDC scores at 2 years postoperatively will be provided in a future publication.
Discussion
The ETD® was first used in 2007 in our practice, and over the past 6 years, approximately 414 ACL reconstructions have been performed using the ETD® for femoral fixation. Of these reconstructions, the transtibial technique was used in most cases, the transportal technique was used in some cases, and the "outside-in" technique was used in a few cases. Currently, there are no studies in the literature on the ETD®, which was designed by Prof. Severino to produce fixation similar to that afforded by the Endobutton, but without a polyester suture connecting the graft to the cortical fixation plate. In fact, this type of implant was already developed by Biomet Sports Medicine (EZLoc; Warsaw, IN), and it is a very similar system; however, in the EZLoc, when the fixation plate is activated, it remains perpendicular to the tunnel and is locked, which does not allow repositioning in the longitudinal axis in cases involving opening of the plate inside the tunnel or in soft tissues. That system was used in our practice in 2005, and this technical difficulty (lack of control of the axis for cortical plate fixation) motivated the development of the ETD®, with wires connected in two holes, one at each end of the plate, making it freely moveable. The ETD® is a method for femoral fixation with a cortical suspension device, similar to the Endobutton. The advantages and disadvantages of each device are Table 1 Results of physical examinations in the transtibial (TT) and transportal (TP) groups at 6 months post-surgery The fixation of the ETD® in soft tissues was observed in 6 of our 80 patients who underwent surgery. The first 5 of the 6 patients were treated with the transportal technique. After the 15th patient was treated with the transportal technique, we decided to routinely use radioscopy in all patients in the transportal group. Since then, we have had no more cases of ETD® fixation in soft tissues, and we had only one case in the transtibial group. In only 1 of the 6 patients, the ETD® migrated. Despite the migration, the patient did not develop knee instability. As reported, no significant difference was observed between patients with and without soft tissue fixation of the ETD®. Mae et al., in 2011, published a clinical study evaluating the fixation of the Endobutton in soft tissues [17] . In their sample, 25.2% of the cases exhibited these complication but no clinical impacts were reported. The authors used a double bundle graft, and they observed more interposition of the soft tissues in the posterolateral bundles. They suggested that this effect may have been due to the lateral femoral condyle anatomy, namely, the presence of ligament insertions and the close proximity of the iliotibial tract [17] . Our study also revealed more interpositions of the ETD® fixed distally and laterally in the femur, which occurred in the transportal cases, corroborating the hypothesis of the lateral femoral condyle anatomy as the cause of the problem.
We had only one case of ETD® fixation inside the femoral tunnel, and it occurred in the transtibial group. This complication is rare because when the wire is pulled to open the ETD® fixation plate and the device is inside the tunnel, the plate generally fails to open, indicating that the ETD® has not yet passed the lateral femoral cortex. Nevertheless, the patient exhibited good clinical evolution.
Rupture of the posterior cortex of the femoral tunnel was not observed in any case. In the transtibial group, using the guide in extension (Howell™ 65°Tibial Guide), which pre-sets the tibial tunnel angle and, thus, the positioning of the transtibial guide, prevented the occurrence of this complication. In the transportal group, we drilled the femoral tunnel with the knee in flexion (angle greater than 120°), avoiding the disruption of the posterior cortex. The higher the knee flexion, the greater the thickness of the wall of the femoral tunnel [18] [19] [20] .
We considered a femoral tunnel to be short when it was less than 3.5 cm. We also considered the graft length inside the tunnel to be short when grafts were less than 2 cm. Both tunnel length and graft length inside the tunnel were significantly greater in the transtibial group. Despite this difference, the objective IKDC scores were not significantly different between patients with a short tunnel and those with a normal tunnel or between patients with small grafts in the tunnel and those with more than 2 cm of graft inside the tunnel. To prevent the occurrence of short tunnels when using the transportal technique, it is recommended that the tunnel be drilled with the knee in flexion at an angle greater than 120° [18] [19] [20] . A clinical evaluation comparing the groups is the aim of another study, in which the patients will be followed up for at least 2 years after surgery. The preliminary findings indicate that there was no significant difference in the KT1000, Lachman, pivot-shift, and anterior drawer test results between the two groups. Although more intercurrences were observed in the transportal group, the objective IKDC scores were significantly better in the transportal group compared with the transtibial group.
Conclusions
The ETD® presented in this preliminary study has been shown to be a safe femoral fixation system that is easy to use and is associated with low numbers of peri-and postoperative intercurrences when used in conjunction with either the transtibial or transportal technique.
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